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SENDOVA Veronika,|SIGMUND Vladimir] GULJAS Ivica,
VAREVAC Damir
SHAKING TABLE TESTS OF THREE-STOREY RC BUILDING WITH
HOLLOW AND SOLID MASONRY INFILL

ATTOCTOJICKA Pobepra, HEHEBCKA-IIBETAHOBCKA T'ony6ka,
IIEHIOBA Beponuxa,|CUT'MYH]I Binagumup| I'VJbAIL Usnuna,
BAPEBAI] Jlamp

TECTOBHA HA BUPBO IIVIAT®OPMA HA TPUKATHA AB 3I'PAJIA
CO UCHIOJIHA O/ ITYIIJIMBA U ITOJIHA TYJIA

SE-2 BOGDANOVIC Aleksandra, RAKICEVIC Zoran, JURUKOVSKI Dimitar, 359
BOGDANOVIC Bojan, ZLATESKA Elena
ASSESMENT OF THE CAPACITY OF AN EXISTING STRUCTURE
AS A RESULT OF STRUCTURAL CHANGES DURING
EXPLOATATION PERIOD

BOI' JAHOBUK Anekcangpa, PAKUKEBUY 3opas,

JYPYKOBCKM Jlumurap, BOTJIAHOBUK Bojan, 3JIATECKA Enena
OIIEHKA HA KATAIMTETOT HA IOCTOJHA KOHCTPYLIMJA
KAKO PE3YJITAT HA KOHCTPYKTUBHUM ITIPOMEHMU BO TEK HA
EKCIIVIOATAIHUOHHUOT NNEPHUO/J

* in alphabetic order of the first author’s surname / no a36y4en pej Ha IPE3UMETO HA IPBUOT ABTOP



SE-3

SE-5

SE-8

BOJADIJIEVA Julijana, SHESHOV Vlatko, EDIP Kemal, KITANOVSKI
Toni, CHANEVA Jordanka

ASSESSMENT OF THE LIQUEFACTION POTENTIAL —
EXPERIENCE IN MACEDONIA

BOJAIIMEBA Jymujana, IHEIIIOB Bnatko, EJIUIT Keman, KUTAHOBCKU
Tonu, YAHEBA Jopmanka

OLEHA HA ITIOTEHIINJAJIOT HA INKBU®AKIINJA - UCKYCTBA
BO P. MAKEJOHHJA

DAMCHEVSKI Bojan, CHURILOV Sergey, DUMOVA-JOVANOSKA Elena
MECHANICAL BEHAVIOUR OF MASONRY REINFORCED WITH
READY-MIX REPOINTING MORTAR

JAMYEBCKMH bojan, YYPUJIOB Ceprej, IYMOBA-JOBAHOCKA Enena
MEXAHHNYKO OJHECYBAILE HA SUJJAPUJA 3AJAKHATA CO
IoTOB MAJITEP 3A IIPE®YI'UPAIBE

DIVAC Ljubo, RADOVANOVIC Slobodan, MIRKOVIC Nikola
THEORETICAL BASIS OF THE SUBSTRUCTURE METHOD FOR
THE DYNAMIC EARTHQUAKE ANALYSIS OF ARCH DAMS

JIUBALL Jby60, PAJJOBAHOBUK Cno6oaan, MUPKOBUK Huxkona
TEOPETCKHU OCHOBU HA METOJIOT HOTKOHCTPYKIINJA 3A
JTUHAMUWYKA AHAJIN3A HA JIAUHU BPAHU ITPH 3EMJOTPEC

DIVAC Ljubo, RADOVANOVIC Slobodan, MITKOVIC Predrag
ANALYSIS OF HYDRODYNAMIC PRESSURES ON ARCH DAMS
USING THE SUBSTRUCTURE METHOD

JIUBALL Jby6o, PAJJOBAHOBHK Cno6oman, MUTKOBMK Ilpenpar
AHAJIN3A HA XUJIPOJIUHAMUWYKHU IIPUTUCOK KAJ JIAUHA
BPAHU CO IPUMEHA HA METOJIOT HA OJKOHCTPYKIIUA

DZOLEV Igor, LADJINOVIC Djordje, CVETKOVSKA Meri,
RADUJKOVIC Aleksandra, RASETA Andrija

SEISMIC RESPONSE OF RC FRAME STRUCTURE MODELLED
ACCORDING TO EN 1992-1-1 AND EN 1992-1-2

IIOJIEB Hrop, JAITMHOBUK Topre, IBETKOBCKA Mepu,
PAJIYIJKOBUK Anexcanmpa, PAIIIETA Annpuja

CEM3MUWYKHU OJITOBOP HA Ab PAMKA MOJEJUPAHA IIPEMA
EH 1992-1-1 1 EH 1992-1-2

EDIP Kemal, SHESHOV Vlatko, BOJADJIEVA Julijana,
KITANOVSKI Toni, CHANEVA Jordanka
SOIL MODELLING EFFECTS ON SEISMIC ANALYSIS OF FRAMES

EJINIT Keman, IHIEIIIOB Bnarko, BOJAIIMEBA Jynujana,

KHUTAHOBCKMU Tonu, YAHEBA Jopmanka

E®EKTHU HA MOJEJIMPAIGE HA ITIOYBATA IIPU CEU3MHNUYKATA
AHAJIN3A HA PAMOBCKHN KOHCTPYKIINHN

368

375

387

397

407

414



SE-10

SE-11

SE-12

SE-13

SE-14

EDIP Kemal, SHESHOV Vlatko, IVANOVSKI Dejan, 419
SOKLAROVSKI Antonio

DEVELOPMENT OF NUMERICAL MODEL OF FINITE ELEMENTS

FOR DYNAMIC ANALYSIS OF SOIL MEDIA

EJUWIT Keman, HIIEIIOB Biatko, UBAHOBCKMU [lgjan,
HIOKJIAPOBCKM Antonuno

PASBUBAIE HA HYMEPUYKU MOJAEJ HA KOHEYHHA
EJEMEHTU 3A IMHAMUNYKA AHAJIU3A HA IIOYBEHUA
MEJINYMHU

GJORGIIEV Igor, ZHUROVSKI Aleksandar 427
VALIDATION OF ENHANCED FREQUENCY DOMAIN

DECOMPOSITON BY FORCE VIBRATION TESTS ON NINE- STORY

RC BUILDING

I"OPI'MEB Hrop, J)KYPOBCKH Anekcannap, TAPEBCKU Muxann
BEPU®UKALIMIJA HA HATIPEJJHATA ®PEKBEHTHA JOMEH
JTEKOMITO3HUIMJA CO TECTOBH HA IIPUHY/IHU BUBPALIMU
HA JIEBETKATHA AB 3T'PAJIA

LIOLIOS A., LIOLIOS K., FOLIC B., GEORGIEV K., GEORGIEV 1. 438
SEISMIC UPGRADING OF OLD INDUSTRIAL RC STRUCTURES BY
TENTION-TIES UNDER SHEAR EFFECTS: A NUMERICAL

APPROACH

JIMOJINOC A., JIMOJIMOC K., ®OJIMK b., TEOPI'MEB K., TEOPI'MEB W.

CEN3MUYKO HAJOTPAAYBAILE HA CTAPH HHAYCTPUCKU Ab
KOHCTPYKIHMHU CO KABEJICKH 3ATEI' ITPU CMOJIKHYBAIBE:
HYMEPHUYKU ITPUCTAII

MILOVANOVIC Bojan, INGAITSA MUGANDA Anna, 446
KUZMANOVIC Vladan, SAVIC Ljubodrag
SEISMIC HYDRODYNAMIC LOAD ANALYSIS

MUJIOBAHOBUK bojan, UHTAULIA MYTAHJIA Anna,
KY3MAHOBUK Brnagan, CABUK Jby6oapar
AHAJIN3A HA CEUBMUYKHUOT XUIPOAUHAMMUYKHU TOBAP

MILOJEVIC Dusan, MARJANOVIC Miroslav, PETRONIJEVIC Mira 454
DYNAMIC ANALYSIS OF RC BRIDGE: BEAM VERSUS SHELL
DECK MODEL

MMJIOJEBUK Jlyman, MAPJAHOBHUK Mupocnas, IETPOHUJEBUK Mupa
JTAHAMHUYKA AHAJIM3A HA Ab MOCT: I'PEJITHU Y IIJIOYECTHU
MOJEJHU HA IIJTAT®OPMATA

PIRA Veton, APOSTOLSKA Roberta 465
PERFORMANCE OF MOMENT RESISTANT PRECAST BEAM-
COLUMN CONNECTIONS SUBJECTED TO CYCLIC LOADING

I[MNPA Beron, AIIOCTOJICKA Pobepra

OJHECYBAIBE HA TIPE®ABPUKYBAHUW BPCKHU I'PEJA-CTOJIB
OTIIOPHU HA MOMEHTHU U3JI0KEHHU HA IUKJIMYHO
TOBAPEILE



SE-15

SE-16

SE-17

SE-18

SE-19

SE-20

POSTOLOV Nikola, TODOROV Koce, LAZAROV Ljupco
METHODS FOR DETERMINATION OF CENTRE OF STIFFNESS
AND TORSIONAL RADIUS IN MULTI-STOREY BUILDINGS

[TOCTOJIOB Huxkona, TOAOPOB Kore, JIASAPOB Jbymnuo
METOIUA 3A OITPEJAEJTYBAILE HA IEHTAP HA KPYTOCT A
PAJINYC HA TOP3UJA KAJ ITIOBEKEKATHHU OBJEKTHU

RADUJKOVIC Aleksandra, STARCEV-CURCIN Anka,

LADJINOVIC Djordje, DZOLEV Igor

ASSESSMENT OF RC FRAME SEISMIC PERFORMANCE RELATED
TO CONFINED CONCRETE MODELS

PAJIVIKOBUK Anexcannpa, CTPAUEB-KYPUMH Agka,
JIATMHOBUK Topre, LIOJIEB Hrop

OLIEHA HA CEU3MHNUYKO OJJTHECYBAIE HA AB PAMKA BO
3ABUCHOCT O/l MOJEJIOT HA IOIIPEYHO OI'PAHUYEH
BETOHOT

RAIJIC Nikola, LADJINOVIC Djordje, RASETA Andrija
ASSESSMENT AND NONLINEAR DYNAMICS ANALYSIS OF BASE
ISOLATION FOR MULTI-STORY RC BUILDING

PAJUK Hukoua, JATMHOBUK Topre, PALLIETA Aunpuja
MPOLIEHKA Y HEJIMHEAPHA JIMHAMUUYKA AHAJIM3A 3A BA3HA
W30JIALIMJA KAJ OBEKEKATHH AB OBJEKTH

RAKICEVIC Zoran, BOGDANOVIC Aleksandra,

POPOSKA Angela, JURUKOVSKI Dimitar, GAVRILOVIC Petar
EXPERIMENTAL TESTING OF PHYSICAL MODEL OF
TELECOMUNICATION TOWER ON VODNO, SKOPJE,
R.MACEDONIA

PAKUKEBUK 3opan, BOFI[AHOBI/IK Anekcannpa, [IOIIOCKA Anrena,
JYPYKOBCKM Jlumurap, TABPUJIOBUK Ilpenpar
EKCIHHEPUMEHTAJIHA UCIIUTYBAIbA HA ®U3UYKHA MOJIEJI HA
TEJEKOMYHUKAIIUCKATA KYJIA HA BOJHO, CKOILJE,
P.MAKEAOHUMJA

SHENDOVA Veronika, ZLATESKI Aleksandar, DELOVA Elena,
POPOSKA Marina

SEISMIC SAFETY AND STABILITY OF THE “SHKPERDA FAMILY
HOUSE”

LIEH/IOBA Beponuka, 3JIATECKUW Anexcannap, JIEJIOBA Enena,
I[TOITOCKA Mapuna

CEU3MHUUYKA CUT'YPHOCT U CTABUJIHOCT HA OBJEKTOT
, KYKA HA CEMEJCTBOTO LIKAITEPJIA“

STANOJEV Milovan, FOLIC Radomir
STRUCTURAL BEHAVIOUR OF RC BUILDING WITH SEISMIC
ISOLATORS

CTAHOJEB MunosaH, ®OJIUK Pagomup
KOHCTPYKTHUBHO OJHECYBAIGE HA AB 3T'PAJIA CO
CEU3MHUYKHA U30JIATOPUA

475

486
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522



SE-21 TODOROV Koce, LAZAROV Ljupco
SYSTEMATIZATION OF FAILURE MODES AT MASONRY
INFILLED FRAMES

TOAOPOB Korue, IA3ZAPOB Jbynuo
CUCTEMATU3AIINJA HA OBJIUIIUTE HA JIOM KAJ PAMKHA CO
HCITIOJIHA OJ1 SUTAPUJA

SE-22 VOLCEYV Riste, TODOROV Koce, LAZAROV Ljupco
APPLICATION OF BASE ISOLATION SYSTEMS AT PLAN
IRREGULAR STRUCTURES

BOJIYEB Pucte, TOJJOPOB Kore, JIA3APOB Jbymuo
MINPUMEHA HA CUCTEMMH 3A BA3ZHA U30JIALIUJA KAJ
HEPET'YJIAPHU KOHCTPYKIIMU BO OCHOBA

SE-23 ZAFIROV Trajche, MANOJLOVSKI Filip, BOGDANOVIC Aleksandra,
RAKICEVIC Zoran
SHORT REVIEW OF PASSIVE CONTROL SYSTEMS

3ADUPOB Tpajue, MAHOJJIOBCKU ®uw, BOFI[AHOBI/IK Anekcannpa,
PAKOKEBUK 3opan

KPATOK ITPEI'JIEJl HA CUCTEMMTE 3A TIACUBHA
JANCHUITAIIUJA HA EHEPTUJATA

FE* FIRE AND ENVIRONMENTAL
ENGINEERING

FE-1 CHIFLIGANEC Cvetanka, CVETKOVSKA Meri, LAZAROV Ljupco,
JOVANOSKA Milica
FIRE SCENARIO INFLUENCE ON THE FIRE RESISTANCE AND
BEHAVIOUR OF RC FRAME STRUCTURE

YUDJIMT AHEL I{Beranka, IBETKOBCKA Mepu, JIASAPOB Jbymuo,
JOBAHOCKA Munuia

BJINJAHUE HA MOXKAPHOTO CHEHAPUO HA ITIOKAPHATA
OTHOPHOCT U OJHECYBABETO HA APMUPAHOBETOHCKA
PAMKA

FE-2 CVETKOVSKA Meri, LABAN Mirjana, TROMBEVA GAVRILOSKA Ana,
LAZAREVSKA Marijana, CVETKOVSKA Elena
INFLUENCE OF CHIMNEYS ON FIRE SAFETY OF TRADITIONAL
WOODEN HOUSES

LIBETKOBCKA Mepn, JJABAH Mupjana, TPOMBEBA FTABPUJIOCKA Amna,
JIABAPEBCKA Mapujana, IBETKOBCKA Enena

BJIMJAHUE HA OIALIMTE BP3 IMMOKAPHATA BE3BEJHOCT HA
TPAJUIUOHATHUTE JIPBEHU KYKH

* in alphabetic order of the first author’s surname / o a36yueH pes Ha IPE3UMETO Ha MIPBUOT aBTOP
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FE-3

FE-4

FE-5

FE-6

FE-7

GJOSHEVSKI Goran, PRANGOVSKI Goce, GOSHEV Gjorgji,

STAMEYV Dragan

LABORATORY TESTS AND ANALYSIS OF R.C. CONSTRUCTIONS
AFTER THE ACTIVITY OF FIRE

I"OILLIEBCKU T'opan, IPAHIOBCKM Tone, TOLUEB INopiu
JJABOPATOPUCKHU UCITUTYBAIA U AHAJIM3H HA A.B.
KOHCTPYKIIUU [TPU JEJCTBO HA TIOKAP

HOEFFER Ruediger, FIKKE M. Svein, WICHURA Bodo, MARKOVA Jana
WEATHER EXTREMES AND PARTICULAR RISKS FOR
STRUCTURES

XOE®EP Pyaurep, ®UKE M. Cseun, MAPKOBA Jana, BUMYPA bozno
EKCTPEMHU KIIMMATCKH BJINJAHUJA U PU3UIIU 3A
KOHCTPYKIUUTE

JEFTENIC Goran, KOLAKOVIC Srdjan, RASETA Andrija,
KOLAKOVIC Slobodan, SESLIJA Milos, KRAJANOVIC Ivana
MODELING INFLUENCE OF ICE ON WIND TURBINE STRUCTURE

JE®TEHUK I'opan, KOJJAKOBUK Cpran, PAIIIETA Aunpuija,
KOJIAKOBUK Cno6onan, IIEITNIA Munour, KPAJAHOBUK Hpana
MOJIEJINPAIGE HA BJIMJAHUETO HA MPA3OT BP3
KOHCTPYKIIUJATA HA BETEPHA TYPEMHA

JELCIC RUKAVINA Marija, CAREVIC MilaN, MILOVANOVIC Bojan,
ALAGUSIC Marina, BANJAD PECUR Ivana, BJEGOVIC Dubravka
CONTRIBUTION OF FIRE BARRIERS IN FIRE PERFORMANCE OF
ETICS FACADES WITH COMBUSTIBLE MATERIALS

JEJTUMK PYKABUHA Mapuja, [IAPEBUK Munan,

MUJIOBAHOBUK bojan, AJIAT'VILIUK Mapuna, BAHJAJT ITIEUYP VBana,
BJET'OBUK JlyGpaBka

HPUJIOHEC HA MIOKAPHUTE BAPUEPH BO ITOKAPHOTO
OJIHECYBAIGE HA KCUHTHU ®ACAJIUTE CO 3AIAJLJIMBA
MATEPHUJAJIA

MULOSKA Ivana, CVETKOVSKA Meri, TROMBEVA GAVRILOSKA Ana
INFLUENCE OF CROSS-SECTION DIMENSIONS AND TYPE OF
ISOLATION ON FIRE RESISTANCE OF TIMBER COLUMNS

MYJIOBCKA Upana, I BETAHOBCKA Mepu,

TPOMBEBA I'ABPUJIOCKA Amna

BJIMJAHUE HA JUMEH3UUTE HA HAITPEYHHUOT ITPECEK 1
THUIIOT HA U30JAIINJA BP3 IIOJKAPHATA OTIIOPHOCT HA
JPBEHHU CTOJIBOBHA

NIKOLOVSKI Tihomir
SNOW LOADING ON STRUCTURES IN REPUBLIC OF MACEDONIA
AND NATIONAL ANNEX MKS EN 1991-3:2012 NA:2014

HUKOJIOBCKHU Tuxomup

OINITOBAPYBAIKBETO CO CHET' HA KOHCTPYKIIMUMTE BO
PEIIYBJINKA MAKEJIOHUJA 1 HAIUOHAJIHUOT AHEKC MKS
EN 1991-3:2012 NA:2014
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FE-9 TKOCZ Jasmin, HEEK Peter, THIELE Catherina, VITT Gerhard, 645
DOCEVSKA Marija, MARK Peter
TESTS AND NUMERICAL SIMULATION OF SFRC SLABS EXPOSED
TO FIRE

TKOUY Jacmun, XUK Ilurep, TUEJIE Katepuna, ®UT I'epap,
JOLIEBCKA Mapuja, MAPK Ilurep

HUCIIMTYBAILE U HYMEPUUYKA CUMYJIALIMJA HA
MUKPOAPMUPAHMU IVI0OYH U3JIOKEHHU HA TEJCTBO HA
MHOXKAP

CS* CONRETE STRUCTURES

CS-1 BARICEVIC Ana, PEZER Martina, STIRMER Nina 659
DURABILITY OF FIBRE REINFORCED CONCRETE FLOORS

BAPUYEBUY Amna, IIE3EP Maptuna, LIITUPMEP Huna
TPAJHOCT HA BETOHCKMU IIJIOYU APMUPAHMU CO BJIAKHA

CS-2 DOCEVSKA Marija, MARKOVSKI Goran, ARANGJELOVSKI Toni, 668
NAKOYV Darko, MARK Peter
NUMERICAL PROCEDURE FOR LONG-TERM DEFLECTION
PREDICTION OF RC ELEMENTS SUBJECTED TO DIFFERENT
LOAD HISTORIES

JIOIITEBCKA Mapuja, MAPKOBCKMU T'opan, APAHI'EJIOBCKHU Tonn,
HAKOB /[lapxo, MAPK Ilutep

ONPEJAEJYBAIGE JOJI'OTPAJHU JE®POPMALIUA HA AB
EJEMEHTU U3JIO)KEHU HA PA3JIMYUHU UCTOPUU HA
TOBAPEIGE

CS-3 DRAGAS Jelena, IGNJATOVIC Ivan, MARINKOVIC Snezana, 679
TOSIC Nikola, MILICEVIC Ivan
HIGH-VOLUME FLY ASH CONCRETE: PART 1: MECHANICAL
PROPERTIES AND K-VALUE CONCEPT

JIIPAT AL Jenena, UTlbATOBUK UBan, MAPMHKOBUK Crexana,
TOINK Hukona, MUJIMYEBUK Usau

BETOH CO BUCOK BOJIYMEHCKH IPOLIEHT HA JIETEUKA
MENEJ: IEJ 1: MEXAHUUYKU KAPAKTEPUCTUKHA U KOHLIEIIT
HA K-BPEJHOCT

@)
'
I

GJORGIIEV Igor, PETRESKI Borjan 691
INFLUENCE OF THE SECTION MESH AND INTEGRATION
METHOD ON DESIGN OF RC SECTION UNDER BIAXIAL LOAD

I"OPI'MEB Hrop, [IETPECKH Bopjau

BJAUJAHUETO HA MPEXKATA HA IPECEKOT U METOJOT HA
WHTETPAIIUJA BP3 JUMEH3UOHUPAKBETO HA A.B. IIPECEIA
W3JIO)KEHU HA BUAKCHAJIEH TOBAP

* in alphabetic order of the first author’s surname / o a36yueH pes Ha IPE3UMETO Ha MIPBUOT aBTOP
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IGNJATOVIC Ivan, CAREVIC Vedran, SAS Zoltan, DRAGAS Jelena 700
HIGH VOLUME FLY ASH CONCRETE: PART 2: DURABILITY AND
RADIOLOGICAL PROPERTIES

UT'thATOBUK Hsaw, I_IAPEBI/IK Benpan, CAC 3onran, APAT'AILl Jenena
BETOH CO BUCOK BOJITYMEHCKHN IMTPOLIEHT HA JIETEYKA
NEINEJ: 1EJ 2: TPAJHOCT A PAAUOJIOIIKA OCOBUHH

JANKOVIC Ksenija, STOJANOVIC Marko, LONCAR Lijiljana, 710
BOJOVIC Dragan, MILICIC Ljiljana

INFLUENCE AND THE POSSIBILITY OF TAILINGS FROM THE

COPPER MINE RADOVIS ON THE PROPERTIES OF SCC

CONCRETE

JAHKOBUK Kcernja, CTOJAHOBHK Mapko, TOHUYAP JIunjana,
BOJOBUK Jlparas, MMJINYMK JInnjana

MOJKHOCT 3A KOPUCTHUIHLE U BJIUJAHUE HA TAJIOTOT O/I
PYJHUKOT HA BAKAP, PAJIOBHII BP3 CBOJCTBATA HA
CAMOBI'PAJIJIMBUOT BETOH

JANKOVIC Ksenija, STOJANOVIC Marko, LONCAR Ljiljana, 715
BOJOVIC Dragan, MILICIC Ljiljana

INFLUENCE OF THE WASTE FROM THE PROCESS OF STEEL
ALLOYING AS A PARTIAL REPLACEMENT OF AGGREGATE ON
CONCRETE PROPERTIES

JAHKOBUK Kcennja, CTOJAHOBHK Mapko, TOHUYAP JIunjana,
BOJOBUK Jlparan, MMJTYUK Jlumnjana

BJUJAHHUE HA OCTATOIIMTE OJI IPOU3BOJACTBO HA JIETYPH
HA YEJIMK BP3 CBOJCTBATA HA BETOHOT KOI'A CE
MPUMEHYBAAT KAKO AI'PETCAT

MANOJLOVIC Dragan, RADUJKOVIC Aleksandra, KOCETOV MISULIC 721
Tatjana

APPLICATION OF RITZ METHOD IN ANALYSIS OF
TIMBER-CONCRETE COMPOSITE SYSTEM

MAHOJJIOBUK JIparan, PAJIYJKOBUK Anekcaumpa,

KOYETOB MUIIIVJIMK Tartjana

MPUMEHA HA RITZ METOJOT 3A AHAJIM3A HA CIIPETHATH
JIPBO-BETOH KOHCTPYKTUBHM CUCTEMHU

MATESKA Maja, TROMBEVA GAVRILOSKA Ana 729
MECHANICAL PROPERTIES OF CONCRETE WITH DIFFERENT
AMOUNT OF ZEOLITE AS A PARTIAL SUBSTITUTE FOR CEMENT

MATECKA Maja, TPOMBEBA TABPIJIOCKA Ana
MEXAHMYKH CBOJCTBA HA BETOH CO PA3JIMYHO
KOJIMYECTBO HA 3EOJIUT KAKO JIEJTYMHA 3AMEHA 3A
LEMEHT



CS-10

CS-11

CS-12

CS-13

CS-14

CS-15

MILOSEVIC Bojan, PETROVIC Zarko, MIJALKOVIC Marina,
RANKOVIC Slobodan

EXPERIMENTAL ANALYSIS OF CONTINOUS BEAMS MADE OF
SELF-COMPACTING CONRETE

MWJIOIIEBHUK Bojan, IIETPOBUK XKapxo, MUJAJIKOBUK Mapua,
PAHKOBUK Crno6onan

EKCIHEPUMEHTAJIHA AHAJIN3A HA KOHTUHYAJIHA HOCAYH
0]l CAMOBI'PAJIJIUB BETOH

MILOSEVIC Bojan, PETROVIC Zarko, RANKOVIC Slobodan,
MIJALKOVIC Marina
STRENGTHENING CONTINUOUS RC BEAMS WITH GFRP BARS

MMJIOIIEBUK Bojan, IIETPOBUK YKapxo, PAHKOBUK CroGoznat,
MMJAJIKOBUK Mapuna

3AJAKHYBAILE HA KOHTHHYAJIHU AB I'PEJIM CO APMATYPA
OJI CTAKJIEHU BJIAKHA

NAKOV Darko, ARANGJELOVSKI Toni, JANEV Dejan
REPAIR AND REHABILITATION OF PREFABRICATED
REINFORCED CONCRETE PORTAL FRAMES

HAKOB Jlapxo, APAHI'EJIOCKU Tonu, JAHEB [lgjan
IHOIIPABKA U CAHALIMJA HA IIPE®@ABPUKYBAHU
APMHUPAHOBETOHCKHU ITOPTAJIN

PECIC Nenad, MILICEVIC Ivan
DEFLECTION CONTROL OF REINFORCED CONCRETE
ELEMENTS ACCORDING TO EUROCODE 2

[MELIMK Henan, MUJIMYEBUK Usan
KOHTPOJIA HA JEO®OPMAIIMU HA APMUPAHOBETOHCKHA
EJIJEMEHTH CIIOPEJ] EBPOKO/ 2

PRANGOVSKI Goce, GIOSHEVSKI Goran, GOSHEV Gjorgji,
MIHAJLOVSKI Siljan

USE OF RECYCLED MATERIAL FROM ELECTRONIC WASTE AS
COMPONENT FOR PRODUCTION OF CONCRETE

[IPAHI'OBCKH T'oue, 'OIIEBCKU T'opan, TOLLIEB I"opru,
MUXAJIIOBCKH Cunjan

YIIOTPEBA HA PELIUKJIMPAH MATEPHJAJI O/ EJIEKTPOHCKH
OTHAJl KAKO KOMIIOHEHTA 3A ITPOU3BOJCTBO HA BETOH

PRASTER Maximilian, PERUNKOVSKI Kiril, KLINKEL Sven
AN ADAPTIVE FE> METHOD FOR SMA-FIBER REINFORCED
MATERIALS

ITPACTEP Makcumunujan, [IEPYHKOBCKU Kupun, KIIMHKEJI Ceen
AJANITUBEH METO/I KE? 3A 3AJAKHATU MATEPUJAJIA CO
SMA-®UBEP
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CS-16

CS-17

CS-18

CS-19

CS-20

RADEKA Miroslava, MALESEV Mirjana, RADONJANIN Vlastimir,
SUPIC Slobodan, DUCMAN Vilma

BASIC PROPERTIES OF CONCRETE WITH AGGREGATE BASED
ON ALKALI ACTIVATED FLY ASH

PAJIEKA Mwupocmnasa, MAJIEIIIEB Mupjana, PAJIOBbAHWH Bractamup,
LIVIIMK Cro6oxan, JJYLIMAH Bunma

OCHOBHHU CBOJCTBA HA BETOH CO ATPET'AT BABUPAH
HA AJIKAJTHO AKTUBUPAHA JIETEUKA IIEITEJI

TOMIC Daniel
GLOBAL CAPACITY INCREASEMENT WITH RC JOINT
STRENGHTENING

TOMUK Jlauuen
3rOJJEMYBAIE HA IVIOBAJIEH KAITALIUTET CO
3AJAKHYBAIBE HA AB JA3EJL

STARCEV-CURCIN Anka, MALESEV Mirjana, RASETA Andrija,
KUKARAS Danijel, LADJINOVIC Djordje

DESIGN OF REINFORCED CONCRETE WALL WITH TWO
OVERHANGS USING STRUT-AND-TIE METHOD
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PEKOHCTPYKIIMJA HA KEJIEBHUYKATA IIPYT'A BO TYHEJIOT “CO3UHA*
BO IIPHA T'OPA

PE3UME

Bo 0B0j Tpya € mazeH KpaTok mperjie] Ha U3BpIICHUTEe paOOTH IPU PEKOHCTPYKIMja Ha XKeJIe3HNUKaTa
npyra Bo TyHenoT “Cosuna” Bo Llpna ['opa, co riaBHa 1en ia ce mpeHece MHKEHEPCKOTO HCKYCTBO
CTEKHATO NMpH M3pabOTKa Ha OBOj MPOEKT HA MHBECTUTOPUTE U MHXKeHepcKata (ena. PekoHcTpykuujaTa
BO HAjJOJITMOT JKEJIE3HUYKH TyHel Ha bajkaHOT, BO AOLIHU 4acOBH, BO TEKOT Ha HOKTA, CO TPACHE Of
BKynHO 4 yaca U 30 MUHYTH JHEBHO, NMPETCTaByBa MOCEOCH MHKEHEPCKH NPEIU3BHK U BO OBOj TPYI
JaJeH e Mperje] Ha UCKPCHATHTE MpoOJieMH BO TEKOT Ha paboTaTta. PekoHCTpyKIMjaTa € 3aroyHaTa BO
thespyapu 2017 rTom., 3aBpIIyBameTO Cce O4YeKyBa Ha KpajoT ox okromBpu 2017 rom. IIpoekror e
(hrHAHCHpaH MpeKy TOHANWU o1 EBporickara YHwMja.
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REHABILITATION OF THE RAILWAY TRACK IN THE TUNNEL “SOZINA* IN
MONTENEGRO

SUMMARY

In this paper is given a brief overview of the performed works on rehabilitation of the railway track in the
tunnel “Sozina” in Montenegro, with the main goal of transferring of our engineering experience from this
project to our colleagues engineers and investors. Reconstruction works in the longest railway tunnel in the
Balkans, at night, in difficult working conditions, lasting only 4 hours and 30 minutes per day, are a special
engineering challenge, and this paper gives an overview of the problems we encountered during the work.
Works on the construction commenced in February 2017, and the completion of works is expected by the
end of October 2017. The works are funded by the European Union in the form of donation.
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1. INTRODUCTION

The Railway Vrbnica - Bar, the length of 169,2 km is a part of International railway Belgrade — Bar
and Route 4 , which connects the port of Bar with trans - European corridors X and VII, for the
Montenegrin economy it is the most important Traffic.

This section of open track is located in the Southern Region of Montenegro, on the railway line
Vrbnica-Bar, between the railway station Virpazar (km 434+504,96) and station Sutomore (km
445+577,69), segment to the railway tunnel “Sozina”, with entrance and exit parts, from km
439+032,00 to km 445+572,00. Location of tunnel “Sozina” is about 35 km from Podgorica, main
Railway station in Montenegro. The works on rehabilitation are related to the track rehabilitation on
section Virpazar-Sutomore in tunnel Sozina, from km 439+032.00.65 to km 445+572.00, in total
length 6,54 km along the railway line Vrbnica-Bar.

Montenegro has received funds from the European Union for the implementation of the project
“Rehabilitation Works on Section Virpazar-Sutomore, in Tunnel Sozina” for both Works and
Supervision. The project is financed in accordance with the rules of the Regional Development
Programme 2012-2013 Instrument for Pre-Accession Assistance (IPA). Rehabilitation works include
civil, electrical and telecommunication works.

Execution of the works is carried out by JV Strabag AG Austria and Crnagoraput AD Podgorica, and
Supervision of the works is carried out by Institut za gradevinarstvo Ltd Podgorica. The Client is
Directorate of Public Works Podgorica and the End Recipient is Railway Infrastructure of
Montenegro. Value of the works is 4,083,891.36 € (excluding VAT). Contract is carried out in
accordance with Fidic Red Book (1999 Edition). Execution of works (Commencement day) has started
on 03/02/2017 and deadline for works execution is 12 months. At the moment, main rehabilitation
works are finished, and we expect the end of works (Taking over) by the end of October 2017.

2.  SCOPE OF WORKS

The designed solution for this section of single track and standard gauge, keeps the existing axis and
the vertical alignment of the existing line and with the railway line electrified 25 kV, 50 Hz single-
phased system, with the highest axle load of P max=25 t and 8 t/m' (UIC class D4), and v=80 km/h..
Total length of the railway line which has to be reconstructed is 6.540,21 m, from km 439+032,00 to
km 445+572,00. The works are divided in following sections:

- works before the entrance to the tunnel, in length 18,46 m,
- works in the tunnel “Sozina”, in length 6.170,60 m,
- works after the tunnel exit, in length 351,15 m.
Contract between Client and Contractor defines execution of following works:

- Replacement of wooden sleepers with concrete sleepers (concrete sleepers length 2,40 m, rails
type 49E1, Fastening SKL14 type Vossloh (or equivalent), crushed siliceous stone for ballast;

- Mechanical excavation of existing ballast prism;
- Cleaning of drainage channels;

- Rehabilitation of the subsoil before the entrance in the tunnel (18,46 m) and part of the railway
track after the tunnel exit (351,15 m);

- Electrical works include replacement of tunnel consoles, contact line wire, groundings and all
electrical connections;

- Telecommunication works include replacing of cable channels and its covers, telephone metal
boxes and extensions on rail STA cable.

Execution of works is organized every day during night, in duration 4 hours and 30 minutes.
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3. SHORT DESCRPITION OF TECHNOLOGY FOR EXECUTION OF WORKS

In accordance with limited working conditions (very narrow tunnel profile and railway track closure in
duration of 4 h and 30 minutes, it was very important that Contractor proposed maximal rational
technology which reduces on minimum following parameters: percentage of manually work, time for
execution of works and cost for works execution.

3.1. Organization of works

Contractor has organized that site (storage offices, depony for new materials, depony for old sleepers
and fastenings, offices for engineers, work train, machines) is positioned at the Station Virpazar.
Depending of the time schedule, Contractor sometimes to storage machines has used 1st track in the
Station Sutomore. Depony for old excavated ballast was positioned before the entrance in the tunnel
and its position is very good, because of nearness of the local road in order excavated material can be
used for embankment of local rural roads. Depending of the works that were executed and time
schedule, Contractor has used railway track closure from Station Virpazar or Station Sutomore, in
accordance with Traffic Instruction and Telegrams that has been issued by End Recipient — Railway
Infrastructure of Montenegro. Execution of works is organized every day during night in duration 4
hours and 30 minutes.

3.2. Materials

For rehabilitation works have been used following main materials: concrete sleepers 1=240 cm
(Rajshwellen Serbia), fastening (Rajshwellen Switzerland), Rails R260 (ArcelorMittal Poland), Rails
R350HT (ArcelorMittal Spain), crushed stone aggregate (Mineralkop Montenegro), material for OCL
(Integral doo Topola Serbia). Acceptance and Taking over of all materials has been organized in
factories in presence of Contractor and Engineer representatives.

Fig. 1. Taking over of rails in the factory ArcelorMittal Poland
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Fig. 2. Taking over of sleepers and fastening in the factory Rajshwellen Serbia

3.3. Mechanization

For execution of the works, Contractor has used following main machines: Track motor vechicle,
ballast cleaning machine, MFS wagons, ballast profiling machine, tamping machine, two way
excavators, Hooper wagons, RGS wagons, gantry crane, loader, roller, truck, wrench machine, drilling
machine, AT equipment, rail cutting machine, oxygen cutter, OCL TMV, Flat wagon with OCL
equipment. Depending of the time schedule, Contractor engaged above mentioned machines.
3.4. Work sequences
Chorological order of basic working position regarding Civil Works:

1) Temporary relocation of cables and cable channels,

2) Cutting of rails in length up to 30 m,

3) Excavation of old ballast prism — first pass of ballast cleaning machine,

4) Cleaning of drainage channels,

5) Excavation of old ballast prism — second pass of ballast cleaning machine and first unloading of
new crushed stone aggregate,

6) Dismantling of the existing track and laying of the new track, loading of new crushed stone
aggregate and mechanical regulation of track,

7) Laying of new concrete cable channels,

8) Dismantling of the old track and sorting of material,

9) AT welding of the track,

10) Unloading of new crushed stone aggregate and mechanical regulation of track,
11) Laying of temporary dislocated TK cables,

12) Installation of devices against lateral track movement,

13) Unloading of new crushed stone aggregate and final mechanical regulation of track,
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14) Installation of track signs,

15) Final profiling of the ballast prism,

16) Including track in CWR.
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4. PROBLEMS DURING EXECUTION OF WORKS

As it is case at most of the projects, at early beginning of this project many problem arise. Problems
are not problems if all participants in construction process: Contractor, Engineer, Client and End
Recipient, all time during construction keep in mind that all have the same goal — to solve problems
and finish project successfully.

At the beginning, it was founded a discrepancy between geodetic survey provided by the Client and
actual situation at site. It was big problem because it meant that all designed coordinates in Main
design of railway truck are not good. Most projects stop when Contractor realizes similar problem. We
solved it in a way that Engineer instructed a Variation Order to the Contractor to develop new geodetic
survey. After developing survey by Contractor, Engineer sent new geodetic survey to the responsible
designer for railway track, and he changed design. Due to this problem there was no delay in the
performance of works because while designer was changing design, the Contractor carried out
preparatory works and works on cleaning of the ballast prism in the tunnel.
Also, at the beginning, although in tender documentation was defined that cable channels for
telecommunication installations exist along the entire tunnel, we realized that there are no cable
channels at site. Cables were mainly laid mainly through the ground, and due to the large presence of
surface water at many places in the tunnel, mostly were laid in the water and mud. The Engineer
instructed the Contractor Variation Order to purchase and install new concrete channels with covers
throughout the tunnel.

Fig. 4. Telecommunication cables before start of works

After temporary relocation of telecommunication cables in the tunnel, the Contractor began with
works on first mechanical excavation of the ballast prism. Because of the narrow tunnel profile, with
already shortened knife of the ballast cleaning machine, it was often necessary more than 1 hour to
adjust knife, which in the period of 4 hours and 30 minutes represents a very long period. This was big
problem for Contractor during mechanical excavation of the ballast prism, but it seemed there is no
solution for this problem.

Contract for execution of the works does not include the repair of the tunnel structure, and we believe
it is not good engineering decision. During the execution of the works, at many places we found
serious constructive damages of the tunnel structure, and a special problem is the large appearance of
water in the form of a spring and leak from the tunnel lining, whose drainage from the railway track
was not foreseen. Considering all these conditions and the fact that we can not repair tunnel structure
at the moment, we decided to lay new concrete covers with openings on existing drainage channel in
order to collect water from the railway track. At one place in the tunnel, a large amount of water,
which we assume that has a flow from spring in the tunnel, can not be circumvented from the track,
and unfortunately in one short part the track will be partly underwater.

We think that repair of the tunnel structure is necessary and we expect that repair will be realized in
next couple of years. Unfortunately, because of bad planning of investments, in few years
reconstruction of the tunnel structure will be performed in a tunnel where the railway track has been
reconstructed shortly before, and it means repetition of many items from this Contract in few years.
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Fig. 5. Huge amount of water in railway track

During mechanical excavation of the ballast prism, at three points in the tunnel we found the so-called
"hunches", i.e. big cracks of the concrete invert slab, each in the lengths of cca 100 m. At that places,
also deformed drainage channels were identified. These cracks are consequence of the Montenegrin
Earthquake in 1979. This weak places were not treated by project documentation are were surprise for
us at site, and again designer was required to adjust the position of the track level because of the new
situation at site. Considering the fact that concrete sleepers should be installed along whole tunnel, at
these weak points - "hunches", the thickness of the ballast prism below the sleeper is smaller than the
minimum defined by regulations, and somewhere it is only 10 centimeters. Due to the small thickness
of the ballast prism, End Recipient would have a maintenance problem due to the crushing of the
crushed stone aggregate at this places, and in order to make better situation than it could be, we
decided to install concrete sleepers with rubber pads thickness 1 cm, where 1 cm thickness of the
rubber pad compensate 5 cm thickness of the ballast prism. This solution can reduce bad impact of the
cracked invert slab on the railway track in the exploitation. In this regard, we consider that installation
of concrete sleepers in the tunnel is not a good solution. Wooden sleepers in this tunnel would be
better solution that concrete sleepers, because of its smaller high when compare to concrete sleepers,
and considering the fact that there is no change of humidity and temperature in the tunnel, the wooden
sleepers are not exposed to cracking and rotting. This statement confirms the fact that existing wooden
sleepers that have been dismantled from the tunnel, are mostly without cracks and End Recipient will
use it for maintenance of other sections at railway.

1003



Fig. 6. Cracks in concrete invert slab

Contract for execution of the works defines rehabilitation of the subsoil in length of 18.46 m.
However, the geotechnical study found that in the length of 190 m before the entrance in the tunnel, it
is necessary to repair the subsoil. From engineering point of view, it was unacceptable to repair just
18.46 m of bad subsoil and not whole section in length of 190 m. Engineer requested the Client to
approve the signing of the Annex of the Contract for rehabilitation works of the subsoil in the length
of 190 m before the tunnel entrance. The description of these works is not the subject of this paper.
Therefore, it is very important that the Client before tendering process and signing the Contract with
Contractor, very carefully choose the chainage of the section that will be repaired in order to get a
good product in the end.

The general problem on the project was a very short period for execution of the works, which is during
night rail track closure in duration of 4 hours and 30 minutes. In this short period, it is necessary that
mechanization reach the site, which usually takes 45-60 minutes, and for the remaining time the
Contractor has to carry out planned works, which is very short period and additionally complicates the
execution of works and increases the investment. Of course, considering the daily volume of transport
of goods and passengers from Podgorica to Bar by railway, attitude of Railway Infrastructure of
Montenegro to provide such a short rail track closure is understandable.

Considering the tunnel length of 6,170.60 m, a special challenge was the implementation of health and
safety measures at the site. We are very happy that the performance of the works ends without serious
injuries at work.

5. CONCLUSION

This project confirms that the dictum "A job well planned is a job half-finished” is true. With very
good organization the Contractor shortened time necessary for execution of works from 12 to 8
months, which is a great success. Also, this project is a lesson to the Client that works that are going to
be executed together with the scope should be carefully selected before tendering process. Before
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starting with the investment, it is very important to realistically consider all the problems that exist at
the section that is going to be reconstructed.

Also, this project is yet another proof that the problem does not exist, if all participants in building
process: Contractor, Engineer, Client and End Recipient, want to solve the problem and have the same
goal which is a successful completion of the project for. Of course, occurrence of problems is normal,
but problems should be solved, not increased or created.
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